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BOOSTER PARAMETER LIST 

1. Introduction 

The AGS Booster is designed to be an intermediate synchrotron injector for the 
AGS, capable of accelerating protons from 200 MeV, the linac operating energy, to 1.5 
GeV, (with the possibility of an upgrade to 2.5 GeV), at a repetition rate of 7.5 Hz, 
and capable of accelerating heavy ions to a magnetic rigidity equal to 17.52 Tesla- 
meters at a 1 Hz repetition rate. 

As presently designed, the Booster will have: A circumference equal to one quarter 
that of AGS; with six identical superperiods. It will have a FODO lattice with bending 
magnets missing in some cells in order to accommodate the space needed for RF 
acceleration, injection, ejection and abort system without otherwise interrupting the 
periodicity. The dipoles of the proposed lattice have an aperture of 3.25” x 10” and an 
injection field of about 1.6 kG (0.7 kG for heavy ions). 

In total, the Booster will have 36 dipoles, each of 2.4 meter magnetic length, and 
48 quadrupoles which have 0.50375 meter magnetic length. We have chosen a 
“separated function” structure with quadrupoles and zero-gradient dipoles. Further- 
more, for maximum tuning versatility the dipoles and the quadrupoles will be indepen- 
dently powered. 

This note describes the parameter list of the AGS-Booster. The chromaticity 
correction sextupole configuration is 1,2,4,‘7 and the eddy current sextupole strengths are 
taken to be 0.12 Tesla per meter square [4]. A schematic layout of the Booster lattice 
and its superperiods are also included [1,6,17]. The present values of the Booster 
parameters are tabulated below. (Note that, the values listed are for theoretical calcula- 
tions.) 

This new expanded for:mat of the parameter list includes items (more detailed) that 
were not present in the previous lists. Some of these items will be completed as the 
information become available. For convenience, we have included additional Figures 
describing many aspects of the AGS - Booster. This updates the Booster Parameter 
List. Furthermore, these changes will be reflected in the Booster Design Manual [II]. 

A brief overview of the parameters is given in the AGS-Booster Parameter List 

Table (next page). 





QUICK REFERENCE 
AGS BOOSTER PARAMETER LIST 

Protons 
Polarized 
Protons 

Heavy 
Ions 

Energy 
Injection 
Ejection 

No. of Particles/Pulse 

Lattice 
Circumference 
Magnetic bend radius 
Periodicity 

Number of cells 
Cell length 
Phase advance/cell 
ux/uy (nominal) 

/I, msx/min 

zp max 

transition 7 

RF System 
Number of stations 
Harmonic number 
Frequency range (MHZ) 
Peak RF voltage 

Acceleration time (ms) 
Reptition rate 

Dipoles 
Number 

Length (magnetic) 

Gap 
Vacuum chamber aperture 

Good field region (< 10m4) 
Injection field (kG) 
Ejection field 

Quadrupoles 
Number 
Length (magnetic) 
Aperture 
Vacuum chamber aperture 
Injection pole tip field (kG) 
Ejection pole tipe filed (kG) 
Field Quality 6/2 

All other harmonics 

Chromaticity Sextupoles 
Number 

Length (magnetic) 
Max. pole tip field (kG) 

Max. Vacuum Pressure 

200 MeV 
1.5 GeV 

-10’2 

3 
2.5 - 4.11 

90 

62 
7.5 Hz (4/AGS pulse) 

1.56 
5.46 

1.02 
3.6 

200 MeV > 1 MeV/nucleon 
1.5 GeV p = 5.25 Q/A (GeV/c)/nucleon 

1.5 - 3 x 101s 15 x log (S), 3 x lO’(Au) 

201.78 m (l/4 AGS) 
13.75099 m 

6 
24 FODO 
8.4075 m 

72.3 0 172.45 0 
4.821433 

13.6/3.7 m 

2.95 m 

4.88 

2 

3 
2.5 - 4.11 

90 
62 

1 HZ (l/AGS) 

36 
2.4 m 

82.55 mm 
66 mm 

16 x 6.6 cm 
1.56 
5.46 

48 
50.375 cm 

16.5 cm 
15.25 cm 

1.02 
3.6 
0.0 

< 10-4 

2 x 12 

10 cm 
3.0 

3 X 10-l’ torr 

2 
3 

0.200 - 2.5 
17 

1 HZ ;IO;AGS) 

0.108 A/Q 

12.74 

0.068 A/Q 

8.3 





BOOSTER PARAMETER SUMMARY 

type of machine 

beam energy, max 

P d C S 

1.50 1.93 11.60 30.95 
1.500 0.963 0.96’7 0.967 

circumference 
straight-section use 

bunch separation, no. of bunches 

no. of particles/pulse 

beam current 

c s cu 
54 -15 -10 

P P? d C 

synchrotron for protons and heavy ions 
polarized proton accumulator 

cu I Au 

53.81 74.62 68.95 GeV 
0.854 0.588 0.350 GeV/nucleon 

201.78 m (l/4 AGS) 
RF, h=3, A6 and E6 
RF, h=l, B3 and B6 
heavy ion inj. kickers, A5 and F8 
heavy ion inj. septum, A3 
ejection kicker, F3 
ejection septum, F6 
absorber blocks, D3 

protons, 1 - 3 X 1013 

polarized protons, - lOI 

I Au 

--6.6 -3.2 x 10’ ions 

S Cu I Au 

mA pk 
mA avg 

beam energy, max 

P pt d C S Cu I Au 

kJ 

transverse emittance, inj., (90% area/n) 
rms fractional energy spread, inj - ejec 

50 mm-mrad 
bunched to 1.5 eV-s, protons 
bunched to 0.05 eV-s/nucleon, heavy ions 

longitudinal emittance, inj - ejec (rms area/n) 

lattice, total no. of cells FODO, 8.4075-m cells, 24 
betatron tune, x,y 4.82, 4.83 

@X max, min 13.865/3.5754 m 



4 max, min 

horizontal dispersion, max, min 

magnet type 
magnetic field, dipole, ejec. 
magnetic radius of curvature 
magnetic gradient, quad, ejec. 

dipole length (magnetic/physical) 
quad length (magnetic/physical) 
number of dipole and quadrupole magnets 
dipole excitation current, max 

quad excitation current, max 

vacuum chamber, dimen. 

RF: harmonic number 
RF: frequency 

13.84413.7033 m 

2.9515/0.5400 m 

iron-dominated, Cu conductor 

protons, 0.546 T; heavy ions, 1.274 T, max 
13.75099 m 

Gf: protons, 1.20 T/m 

heavy ions, T/m 

Gd: protons -1.24 T/m 

heavy ions, T/m 
2.4/2.34 m, excl. coils 
0.50375/0.472 m, excl. coils 
36 dipoles, 48 quads 
protons, 2220 A 
heavy ions A 
protons, 2220 
heavy ions A 

70 X 152 mm, dipoles 
152.4 mm (circular), quads 

3 

P d C S cu I Au 
inj. 2.523 0.788 0.562 0.446 0.349 0.265 0.213 MHz 
ejec. 4.114 3.877 3.884 3.885 3.804 3.522 3.061 MHz 

acceleration period 62 ms, protons; 500 ms (max), heavy ions 
energy gain per turn 

P d C S Cu I Au 

kV 

peak RF voltage, total RF power 

p d C S Cu I Au 

1iV 

IiW 

RF system length, per cavity system 
rms bunch length, inj - ejec 

p d C S Cu I Au 

inj. cm 

ejec. cm 



synchrotron period, inj - ejec 

p. d C S Cu I Au 
inj. ms 
ejec. ms 

Injector system 200 MeV linac, protons 
Tandem Van de Graaff, heavy ions 

TmLE 1. Isotopes, Charge States, and Ionic ?&sses. 

Q 2’ A Ionic Ionic 
FLest Mass Rest Mass 

Energy 

(u) (GeV/nucleon) 

P +1 1 1 1.00728 0.93828 
d +I. 1 2 2.01355 0.93781 
C +6 6 12 11.99671 0.93125 
S -i-14 16 32 31.96439 0.93047 
Cu f21 29 63 62.91808 0.93029 
I +29 53 127 1126.88857 0.93068 
Au +33 79 197 196.94846 0.93126 



TABLE 2. Injection Energies and Fields 

: 

C 
S 
cu 
I 
Au 

dc 

0.5662 2.5235 0.6444 
0.1767 0.7878 0.3368 
0.1262 0.5623 1.4211 
0.1000 o-44.57 2.9925 
0.0782 O-34:85 4.5969 
0.0595 0.2653 7.0489 
0.0478 0.21.31 8.7805 

I P 

(b/rev) (MeV/nucieon) 

200.0 200.000 
30.0 15.000 
90.0 7.500 
150.0 4.688 
180.0 2.857 
210.0 1.654 
210.0 1.066 

E. rnj 
B. - mj 

w 
1.563 

8 

0.817 
0.575 
0.519 
0.531 
0.590 
0.645 

TABLE 3. Ejec:tion Energies and Fields -Bmsx = 12.74 kG 

: 

C 
S 
cu 
I 
_kl 

vIc 

0.9230 

0.8699 
0.8714 
0.8716 
0.8534 
0.7900 
0.6868 

I 

- 

-- 

f 

(MHZ) -- 
4.114 
3.877 
3.884 
3.885 
3.804 
3.322 
3.061 

P r E 
ejec 

(GW4 PV) (GeV/nucleon) 

2.251- 1.500 1.5000 
3.308 1.927 0.9635 
19.847 11.602 0.9668 
52.926 30.952 0.9672 
95.932 53.810 0.8541 
152.345 74.623 0.5880 
173.358 68.950 0.3500 

- 

1 - 

- 

B. 
elec 

(W 
5.459 

8.024 
8.024 
9.170 
11.081 
l".T43 
13.743 



2. Beam and Operational Parameters 

injected particles 

injection momenta 

protons, polarized protons, 
heavy ions (through gold) 

P d C S cu I Au 
0.G444 0.3368 1.4211 2.9925 4.5969 7.0489 8.7805 GeV/c 

Bp, at injection 

P d C ;S cu I Au 
2.14913 1.1235 0.7901 0.7130 0.7302 0.8108 0.8875 T-m 

output momenta 

P d C S cu I Au 
2.251 3.308 19.847 52.926 95.932 152.345 173.358 GeV/c 

Bp, at ejection 

P d C C’ 
d cu I Au 

7.507 11.034 11.034 12.1310 15.238 17.523 17.523 T-m 

output kinetic energy 

P d C S cu I Au 
1.500 1.927 11.602 30.952 53.810 74.623 G8.950 GeV 
1.5000 0.9635 0.9GG8 0.9672 0.8541 0.5876 0.3500 GeV/nucleon 

radio frequency 

P d C S cu I Au 
inj. 2.523 0.788 0.562 0.446 0.349 0.265 0.213 MHz 
ejec. 4.114 3.877 3.884 3.885 3.804 3.522 3.061 MHz 

bunch spacing 
center to center 
free, between bunches 

avg. beam current (at max energy) 

no. of particles/pulse protons, 1. - 3 X 1013 

polarized protons, - 101" 

c s cu I Au 

54 -15 -10 z-G.6 -3.2 x 10' ions 

bunches per pulse 
rms bunch length, ejec. 
beam energy 



space-charge tune shift, inj. 

acceleration time 

repetition rate 

peak RF voltage 

synchronous phase angle 

circumference 
avg. radius 
magnetic bend radius 
magnetic field, dipole 

P tl 
inj. 0.1563 0.08 17 
ejec. 0.5459 0.8024 

horiz. tune 
vert. tune 
transition 7 
natural chromaticity, horiz. 
natural chromaticity, ve:-t. 
space-charge tune shift 

lattice type 
superperiodicity 
max p 
max dispersion 
no. of dipoles 
dipole length 
dipole field, max 
full good-field aperture, lloriz. 

no. of standard quads 48 
standard quad length 0.50375 m (magnetic) 
standard quad strength, max 1.24 T/m 
full good-field aperture 152.4 mm 

no. of sextupoles 
no. of families 
location 
sextupole strength (B” L) 

-.7 

62 ms, protons & polarized protons 
500 ms (max.) heavy ions 
7.5 Hz (4 pulses/AGS pulse), protons 
1 Hz (1 pulse/AGS pulse), 

polarized protons 
1 Hz (1 pulse/AGS pulse), heavy ions 
90 kV, protons & polarized protons 
17 kV, heavy ions 
30 ’ , average 

201.78 m (l/4 AGS) 
32.114 m 
13.75099 

C S cu I Au 
0.0575 0.0519 0.0531 0.0590 0.0645 T 
0.8024 0.9170 1.1081 1.2743 1.2743 T 

4.82 
4.83 
4.8812 

-4.92970 
-5.26488 

separated function, FODO 
6 
14 m 
3m 

36 
2.4 m (magnetic) 
1.2743 T 
152.4 mm 

24 (12 SF + 12 SD) 
2 

177 (SF), 274 (SD) 

10 



rms fractional energy spread, inj 
rms fract. energy spread., ejec 
long. emittance, inj., rms 
long. emittance, ejec., rms 

Note 1: rms longitudinal emittance = oE~‘t 

11 



3. 

Lattice Parameters 

circumference 
revolution time 

P d C 

inj. 1.1888 3.8082 5.3353 
ejec. 0.7292 0.7737 0.7724 

straight-sections (8 total) 

201.78 m (l/4 AGS) 

S cu I Au 
6.7307 8.607G 11.3061 14.0791 /,Ls 
0.7723 0.7887 0.8519 0.9800 /Ls 

RF, h=3, AG and EG 
RF, h=l, B3 and BG 

heavy ion inj. kickers, A5 and F8 
heavy ion inj. septum, A3 

ejection kicker, F3 

ejection septum, FG 
absorber blocks, D3 

ring ti superperiods, 4 cells/superperiod 
c,ell lattice 

BCTSFQFIBCTSDQDInCTQFIBC’TSDQDIBCTQFInCTQDIBCTSFQFIBCTQD 

B 
CT 

SF, SD 

QF, QD 
magnetic rigidity, ejec 

magnetic radius 
lengths: 

superperiod 
cell 
B 

CT 
SF, SD 

QF, QD 

dipole bend magnets, horiz., 1.2743 T 

correction and trim coil assembly 
sextupoles 
quads 
7.507 T-m, protons SC polarized protons 

17.523 T-m ( max), heavy ions 
13.75099 m 

33.63 m 
8.4075 m 
240 cm (magnetic) 
10 cm (magnetic) 
10 cm (magnetic) 
50.375 cm (magnetic) 

Note 1: Component sequences are listed in the clockwise (CW) direction as seen 
from above. 

Lattice Optics 

phase shift per cell, x,y 72.3, 72.45 degrees 

betatron tune, x,y 4.82, 4.83 

tuning range, x,y fl 
transition 7 4.8812 

12 



natural chomaticity, x,y -4.9297, -5.2649 

zero-chrom. sext. B”JJ/Bp, F,D : I? = 0.13607, D =-r).81060 

with eddy currents 

13 



4.1. 
Ring Dipole Magnets 

number of horiz. bends 
magnetic field 
length, magnetic 
length, plate to plate 
length, coil-end to coil-end 

gap 
induct ante 
transfer function 

current at ejection 

mass 
aperture 

coil dimensions, pancake 
turns per pole 
conductor dimensions 
conductor length 

insulation thickness 
iron lamination dimensions 
lamination material 
lamination thickness 
weight of iron 

36 
1.2743 T, max 
2.40 m 
2.34 m (center arc) 
2.GG m (center arc) 
82.55 mm 
3.2 mH 
0.2436 T/kA, injection 
0.2320 T/kA, ejection 
2240 A, protons 
5400 A, heavy ions 

152 X 70 mm 

266.1 x 26.8 X 9.46 cm 
8 (4 X 2 pancakes) 
25.4 X 50.8 mm 

7G.2 X 59.7 cm 

0.G mm -- 1.0 mm 

14 



4.2. 

Ring Quadrupole Magneks 

number of quads 
B’ 

B’Bp 
length, magnetic 
length, plate to plate 
length, coil end to coil end 
inductance 
transfer function 

current at ejec 

mass 
aperture 
pole tip radius 
pole tip field 

P 
inj., f 0.0990 
inj., d 0.:1020 
ejec., f 0.3457 
ejec., d 0.3564 

48 
+1.2000 T/m, focusing 
-1.2369 T/m, defocusing 

50.375 cm 
47.2 cm 
66.1 cm 
350 /&I 

T/m per kA, inj. 
T/m per 1~4, ejec. 

2240 A, protons 
5490 A, heavy ions 

152.4 mm (circular) 
82.55 mm 

d C S Cu I Au 
T 
T 

0.8071 0.8701 T 
0.8308 0.8308 T 

coil dimensions 
turns per pole 
conductor length 
conductor mass 
maximum field 

26.76 X 66.07 X 9.46 cm 
5 

conductor dimensions 31.75 X 31.75 cm 

quadrupole width, max 
iron lamination dimensions 

59.1 cm 

lamination material 
lamination thickness 
iron weight 

0.G - 1.0 mm 

15 



4.3. 

Ring Sextupole Magnets 

number of sextupoles 
number of families 
location 
sextupole strength (B”L) 

B” 

B”B 
length, magnetic 
length, plate to plate 
length, coil end to coil end 
inductance 

transfer function, at inj 
current at ejec 

mass 
aperture 
pole tip radius 
pole tip field , mag. 

inj., f 
inj., d 
ejec., f 
ejec., d 

coil dimensions 
turns per pole 
conductor length 
conductor mass 
maximum field 

P d 
0.04576 

inter-coil insulation thickness 
conductor dimensions 

sextupole width, max 
iron lamination dimensions 

lamination material 
lamination thickness 
iron weight 

24 (12 SF + 12 SD) 
2 

177 (SF), 274 (SD) 

+ T/m2, focusing 

- T/m2, defocusing 

cm 
10.0 cm 
- 20 cm 

PI3 
T/m2-kA 

A, protons 
A, heavy ions 

152.4 mm (circular) 
mm 

3.0 kG 

C S Cu I Au 
T 
T 
T 
T 

x X cm 

X cm 

0.G - 1.0 mm 

16 



4.4. 

Correction and Trim Magnets 

Special Devices/ Correc lion and Trim Coil Assembly 

assembly length (CT) 10 cm 

Assembly Complements: 

Primary Package:: 

Element 
Inner C)u ter Turns/ 

Radius Radius Pole 
Induct. 

dipole 
sextupole 
quadrupole 

mm mm 

In various Secondary Packages: 
quadrupole 

skew shell 
normal shell 

sextupole 
octupole 

H 

Note 1: zero-chromaticity sext. strengths (B”L/Bp) SF, SD = + 

BL (1 cm) 
(100 A) 

T-m 

/- . mV2 

17 



4.5. 

Injection Magnets 

H- Injection Line 

External 
Injection Dipoles (Horizontal-Bend) 

number 

magnetic field 
length, magnetic 

Injection Trim Magnets 
number 

magnetic field 
length, magnetic 
length, slot 

Injection Quads 

number 
magnetic field 
length, magnetic 

In ring, 
Injection kicker magnets 

type 
field strength 
magnet gap 
eff. length of module 
total length of module 
bend angle, direction 
rise time 
flat top 
fall time 
voltage 
current 
flat top uniformity 
no, of modules 

8 main bending dipoles 

0.901 T (8 main dipoles) 
0.600 m 

2 horiz. trim dipoles 
2 vert. trim dipoles 
200 G-m 

e 
0.224 T/m, max 
0.30 m 

Injection slow orbit-bump magnets 
number 

18 



Heavy Ion Injection Line 

External 
Injection Dipoles (Horizontal-Bend) 

number 
magnetic field 
length, magnetic 

14 main bending dipoles 

Injection Pitching and Steering Magnefts 
number 
number 

magnetic field 
length, magnetic 

4 pitching dipoles 
2 steering dipoles 

Injection Quads 

number 
magnetic field 
length, magnetic 

In ring 
Injection kicker magnets 

type 
field strength 
magnet gap 
eff. length of module 
total length of module 
bend angle, direction 
rise time 
flat top 
fall time 
voltage 
current 
flat top uniformity 
no. of modules 

26 

Injection slow orbit-bump magnets 
number 

19 



4.6. 

Ejection Magnets 

External 

Ejection Dipoles (Horizontal-Bend) 
number 3 combined-function dips 

Ejection Vertical-Bend Magnets 

number 

magnetic field 

length, magnetic 

length, slot 

Ejection Quads 

number 
magnetic field 
length, magnetic 

In ring 

Ejection kicker magnets 

type 
field strength 
magnet gap 
eff. length of module 
total length of module 
bend angle, direction 

rise time 

flat top 
fall time 

voltage 
current 
flat top uniformity 

no. of modules 

Ejection septum magnet’ 

12 

0.50 m 

Ejection slow orbit-bump magnets 
number 



4.7. 

Magnet Errors 

DIF’OLE ERRORS 
an and bn are the skew lk regular coeffl.cients of the 2(11+1) pole. 

Units are 10m4 of dipole field at 1 cm. 

Calculated Systematic Errors 

b, $ b, b, b,, 012 
Geometric, at inj 
Geometric, ejec 

Calculated Random Errors 

aO al '.Z '3 '4 '5 '6 a7 '8 

rms-geom 

'0 b, ', '3 ', '5 '6 '7 '8 

rms-geom 

QUADRUF’OLE ERRORS 

Units are 10e4 of the quadrupole field at 1 cm. 

Calculated Systematic Errors 

:;eometric 
b:i b, 

Calculated Random Errors 

geometric, skew 
aI az 

61 62 
geometric, regular 

b $7 19 

a.9 az$ '5 '6 

'3 ', '5 '6 

alo 

b 
10 

21 



hfagnet Alignment and Uni,formity Tolerances 

Dipole 
Ax-rms 
pitch 
roll 
A y-rms 
A&rms 
il(BL)/BL, rms 

Quad 
Ax-rms 
pitch 
roll 
Ay-rms 
A&rms 
A(B’L)/B’L, rms 

Correction and Trim Assem.bly 
Ax-rms 
Ay-rms 
A&rms 

Beam-position monitor relative to quad 
Ax-rms 
A y-rms 

22 



5. 

Vacuum System 

beam tube lengths 
shaped, in dipole 

circular 
beam-tube material 
beam-tube dimensions 

shaped, in dipole 
circular 

beam-tube conductance 

pressure required, avg. 

normal pumping 
ion pumps 

isolation valves 

roughing 
flanges and bellows 

pumpdown hand valves 
bake-out temperature 
beam-tube insulation 
pump-down time 

3 x 
-11 

10 torr, avg. 

23 



6. 

Main Power Supply 

current, ejec 
current regulation 
inductance, ring dipoles 
stored energy, ring dipo:les 
inductance, ring quadru.poles 
stored energy, ring quadrupoles 
voltage during ramp 
volt age during de-ramp 

24 



7. 

Tuning and Correction Power Supplies 

BL (Ll,) Range Tolerance No. of No. Elements/ 

(T-m, I cm) (T-m) (T-m) Families Family 
primary package 

dipole, H,V 

quad, QF, QD 
sext, SF,SD 

secondary packages 

quad, Qb-_,QJ 
skew quad, SQl,--,SQ4 

sextupole, Sl,-$4 
skew sext.,SSl,--,SS4 

octupole, Ol,--,04 
skew octupole, SO1 

tuning power supplies 

correction element supplies 

BL (I,,,) Range Tolerance No. Families No. Elements/ 

(‘r-m, 1 cm) (T-m) (T-m) Family 
primary package 

dipole, H,V 

quad, QF, QD 
sext, SF,SD 

special packages 
dipoles, H 
dipoles, V 
dipoles, H & V 
skew quad, SQ 

25 



8. 

Radio Frequency Acceleration Systern 

radio frequency 

P d C S cu I Au 

inj. 2.523 0.788 0.562 0.446 0.349 0.265 0.213 MHz 

ejec. 4.114 3.877 3.884 3.885 3.804 3.522 3.061 MHz 

revolution time 

P d C S cu I Au 

inj. 1.1888 3.8082 5.3353 6.7307 8.6076 11.3061 14.0791 /Es 

ejec. 0.7292 0.7737 0.7724 0.7723 0.7887 0.8519 0.9800 /Ls 

harmonic 3 
acceleration time 62 ms, protons 

500 ms, heavy ions 
repetition rate 7.5 Hz (4 pulses/AGS pulse), protons 

1 Hz (1 pulse/AGS pulse), 
polarized protons 

1 Hz (1 pulse/AGS pulse), heavy ions 
energy gain 
no. of stations 4 total 

2 for protons 
2 for heavy ions 

vacuum aperture 

peak voltage 
synchronous phase 
long. emitt. 
bucket/bunch area ratio 

bucket half height, nE/E 

energy spread (aE/E) 

rms bunch length 

synch. tune (I,&) 

total RF power 

Inj Ejec 
protons hvy ions protons hvy ions 

90 17 90 17 kV 

eV-s 

x 1o-4 

x 1o-4 

cm 

x 1o-3 

kW 

26 



9. Booster Injection System 

Transfer line from linac 
length (from _ to _ ) 

magnet sequence 

dipole parameters 
field 
bend angle 
length, effective 
magnet gap 

current 
resistance 
current regulation 

number 

quadrupole parameters 
gradient 
length, effective 
pole-tip diameter 

current 
resistance 

number 

vacuum required 

Proton injection fast-kicker magnets 
number 

type 
field strength 
magnet gap 
eff. length of module 

total length of module 
bend angle, direction 
rise time 

flat top 
fall time 

27 



voltage 
current 
flat top uniformity 

Proton injection slow orbit-bump magnets 
number 

type 
field strength 
bend angle, direction 
rise time 
flat top 
fall time 
voltage 
current 
flat top uniformity 

Transfer line from tandem 
length (from _ to _ ) 

magnet sequence 

dipole parameters 
field 
bend angle 
length, effective 
magnet gap 
current 
resist ante 
current regulation 
number 

quadrupole parameters 
gradient 
length, effective 
pole-tip diameter 
current 
resist ante 
number 
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vacuum required 

Heavy-ion injection fast-kicker magnets 

number 

type 
field strength 
magnet gap 
eff. length of module 
total length of module 
bend angle, direction 
rise time 
flat top 
fall time 
voltage 
current 
flat top uniformity 

Heavy-ion injection electrostatic septum 
number 

type 
electric field strength 
electrostatic gap 
eff. length of module 
total length of module 
deflection angle, direction 
rise time 
flat top 
fall time 
voltage 
flat top uniformity 

Heavy-ion injection slow orbit-bump magnets 
number 

type 
field strength 
bend angle, direction 
rise time 
flat top 
fall time 
voltage 
current 
flat top uniformity 
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10. Booster Ejection Sy,stem 

Transfer line to AGS 
length (from _ to _ ) 

magnet sequence 

dipole parameters 
field 
bend angle 
length, effective 
magnet gap 

current 
resistance 
current regulation 

septum thickness, eff. 
number 

quadrupole parameters 
gradient 
length, effective 

pole-tip diameter 
current 

resistance 

number 

stripper 

vacuum required 

Ejection fast-kicker magnets 
number 

type 
field strength 
magnet gap 
eff. length of module 

total length of module 
bend angle, direction 
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rise time 
flat top 
fall time 
voltage 
current 
flat top uniformity 

Ejection sep turn magnet 
number 

type 
field strength 
magnet gap 
eff. length of module 
total length of module 
bend angle, direction 
rise time 
flat top 
fall time 
current 
voltage 
flat top uniformity 

Ejection slow orbit- bwnp magnets 
number 

type 
field strength 
bend angle, direction 
rise time 
flat top 
fall time 
voltage 
current 
flat top uniformity 



11. Abort Systems 

Absorber Blocks 
location 

absorber block section 
beam energy into absorber blocks 

material 
dimensions 

max temp. rise 

Beam Dump System 
location 

component sequence 

kicker magnets 

type 
field strength 

length, effective 
no. modules 
wave shape 

rise time 
characteristic period 
duration 
peak current 
voltage 

beam dump 
beam energy into dump 

material 

dimensions 
max temp. rise 
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12. Instrumentation 

Beam-Monitoring System 
beam-position monitors 

resolution at 10s protons/bunch 

resolution at lo8 protons/bunch 

resolution at 10” protons/bunch 
length 
number, x an y 
mechanical position accuracy 

beam-loss monitors 
sensitivity 
number 

dynamic range 

Schottb pickup station 
beam-motion sensitivity 
number of stations per ring 

beam-profile monitors 
wire 
wire speed 
number per ring 
resolution 

beam-current monitors 
sensitivity 
resolution 
number per ring 

Feedback System 

transverse instability damping system 
operating frequency 
length of SO-ohm terminated strip line 
system bandwidth 
total power 
number of systems, per ring 
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13. ContAl System 

Computer System 

host computer characteristics: 
CPU’S 

disk storage 
magnetic tape 
high speed bus 
communication 
no. terminals 
floor space 
ac power 

Booster Ring Communication Links: 
cable bandwidth 

cable assignments 

(Fiber-optic links probably cannot be used in the tunnel because of their 
vulnerability to radiation damage.) 

Control and Monitor Points 

beam position monitors 
beam loss monitors 
beam profile ’ 

vacuum pump status and. current 
vacuum gauge current 
gate valves 

PS voltage taps 
dipole corrector status, 

readback, and reference 
other correctors 
energy dumps 
miscellaneous 

tunnel environment 

totals 
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14. Conventional Facilities 

tunnel 

type 
length 
mean radius, from Booster center 
cross-section 

shielding 

power supply stations, no. 
area 

helical (corrugated) z&eel pipe 
675 feet 
107.5 feet 
diameter, 10 feet 
height from concrete floor, 8 feet at center 

RF station alcoves, number 
area 
height 
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Figure 4. Dipole magnet, cross-section. 
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Figure 6. *Quadrupole magnet. 
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Figure 8. Ekveled ends to ameliorate end effect;s. 
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Figure 13. Flux pattern in the region of the coil. 
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Figure 14. Flux palhxn in the quadrupole aperture. 

49 



- (. u- P L 

Figure 15. Quadrupole lamination. 
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Figure 16. Quadrupole asse~nl~ly. 
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Figure 17. Bake-out experiment with quadrupole. 
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Figure 19. Foil location downstre&m of dipole. 
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Figure 20. l3ump in the circulating beam at injection. 
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Figure 21. Linac to Booster Injection Line. 
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Figwe 22. In.jection trajectory in dipole magnet MDC5. 

FOIL 

+ 

56 



?r d I INAP R CIRCULATING BEC 

ORBIT 
BUMP 

1 STRIPPING 
FOIL 

Figure 23. Populating the phase space with the injected I>eam. 
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Figure 24. Location of the hump in the ring lattice. 
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Figure 25. Injected and circulating polarized proton beams. 
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Figure 26. Heavy-ion transfer and injection line to the Booster. 
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Figure 27. B ooster ejection line to the AGS. 
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TABLE 

AGS IBOOSTER PAIRAMETER LIST 

Protons 
Polarized 

Protons 

Heavy 
Ions 

Energy 
Injection 
Ejection 

200 MeV 
1.5 GeV 

200 MeV 
1.5 GeV 

Lattice 
Circumference 
Periodicity 
Number of cells 
Cell length 
Phase advance/cell 
vx/vY (nominal) 

pY max/min 

zr max 

transition 7 

!101.78 m (l/4 AGS) 
6 

24 FODO 
8.4075 m 

72.3 ’ 172.45 ’ 
4.8214.83 

13.6/3.7 m 

2.95 m 

4.88 

RF System 
Number of stations 
Harmonic number 
Frequency range (MHz) 
Peak RF voltage 
Acceleration time (ms) 
Reptition rate 

2 2 2 

3 3 3 

2.5 - 4.11 2.5 - 4.11 0.200 - 2.5 

90 90 17 

62 62 500 

7.5 Hz (4/AGS pulse) 1 Hz (l/AGS) 1 Hz (l/AGS) 

Dipoles 
Number 
Length (magnetic) 

Gap 
Vacuum chamber aperture 

Good field region (< 10e4) 
Injection field (kG) 
Ejection field 

1.56 
5.46 

36 
2.4 m 

82.55 mm 
66 mm 

16 X 6.6 cm 
1.56 0.108 A/Q 
5.46 12.74 

Quadrupoles 
Number 
Length (magnetic) 
Aperture 
Vacuum chamber aperture 
Injection pole tip field (kG) 

Ejection pole tipe filed (kG) 

Field Quality 6/2 

All other harmonics 

1.02 
3.6 

48 
50.375 cm 

16.5 cm 
15.25 cm 

1.02 O.OG8 A/Q 
3.6 8.3 

0.0 

< 1o-4 

Chromaticity Sextupoles 
Number 
Length (magnetic) 
Max. pole tip field (kG) 

2 X 12 
10 cm 

3.0 

Max. Vacuum Pressure 3 X lo-” torr 

> 1 MeV/nucleon 
p = 5.25 Q/A (GeV/c)/nucleon 

- 


